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1. Introduction
A work item on Enhancements of network energy savings has been approved [1]. RAN1#116 discussed the WID and made the following agreements [2].
	Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· [bookmark: _Hlk163149386]Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded
Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded
Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)
Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration
Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)


At RAN1#116, it was mainly discussed on applicable scenarios and adaptation mechanism of SSB/PRACH in time-domain. However, some issues remain as FFS. In this paper, we provide our view about these issues.
2. Discussion
2.1. Adaptation of SSB in time-domain
Applicable scenarios and associated legacy UE impact
In the previous meeting, it was agreed to consider the applicable scenarios and the impact on legacy UE for the SSB adaptation mechanism in time domain. The main issue is whether SSB adaptation is applicable to idle/inactive UE and/or connected UE, and whether it can be applied to the PCell and/or SCell. Table 1 shows the applicable scenarios of SSB adaptation and its impact on legacy UE and signaling. Two scenarios (Case A: Idle/Inactive mode UE, Case B: Connected mode UE) are classified. In Case B, two cases can be considered, depending on whether the adaptation is applied to PCell or SCell SSB.
· Case A: SSB adaptation in idle/inactive mode UE
Time domain adaptation of the SSB is applied to UEs in idle/inactive mode. According to the current specification, in idle mode, the UE searches for SSBs on sync rasters and uses the detected CD-SSBs for the cell (re)selection procedure. Furthermore, for initial cell selection, the UE assumes that SSBs are transmitted with a periodicity of 20ms. Therefore, if time domain adaptation is applied to CD-SSB, it may impact the cell search of legacy UEs in idle/inactive mode. Regarding signaling, SSB updates are notified by paging/short messages currently. If the time-domain adaptation of SSB is supported, a new signaling may be necessary.
· Case B-1: PCell SSB adaptation in connected mode UE
Time domain adaptation is applied to connected mode UEs and SSBs transmitted on PCells. In connected mode, we can consider the adaptation of NCD-SSB which is transmitted on off-raster frequencies. The adaptation of NCD-SSB can avoid impact on idle/inactive UEs and legacy UEs. The current specification supports semi-static updating of NCD-SSB by RRC messages. Similar to Case A, a new signaling may be necessary if the time domain adaptation of SSB is supported.
· Case B-2: SCell SSB adaptation in connected mode UE
Time domain adaptation is applied to connected mode UEs and SSBs transmitted on SCells. We can consider the adaptation of NCD-SSBs which is transmitted on SCells in CA scenarios. Similar to Case B-1, the impact on legacy UEs can be avoided. This case is related to the On-demand SSB under discussion in Agenda 9.5.1 and signaling can be discussed together within On-demand SSB.

Table 1. Applicable scenarios of SSB time domain adaptation and impact on legacy UE and signaling
	
	PCell
	SCell

	Case A:
Idle/Inactive mode UEs
	- Time domain adaptation of CD-SSB may impact to cell search in legacy UEs
- Need to introduce new signaling (e.g., short messages, L1 signaling) for SSB time-domain adaptation
	

	Case B:
Connected mode UEs
	- Time domain adaptation of NCD-SSB may not impact to cell search in legacy UEs
- Need to introduce new signaling for SSB time domain adaptation (e.g., RRC messages, L1 signaling)
	- Time domain adaptation of NCD-SSB may not impact to cell search in legacy UEs
- Need to introduce new signaling for SSB time-domain adaptation (e.g., same mechanism as for On-demand SSB)



Case A may have a NES gain by adopting a longer period (e.g., 160ms) for CD-SSB. However, if the serving cell provides services to both legacy UE and Rel-19 UE, it may be difficult for the legacy UE to select an appropriate serving cell. Therefore, any mechanisms may be necessary to restrict legacy UE access to the serving cell.
Case B-1 avoids the impact on legacy UEs through the time domain adaptation to NCD-SSB. On the other hand, semi-static updating of NCD-SSB is already possible in the current specification, and the NES gain achieved through dynamic adaptation may not be large.
Case B-2 also avoids the impact on legacy UEs. The basic NES gain is provided by On-demand SSB. However, the introduction of SSB adaptation may potentially accelerate the activation procedure of SCells.
Based on the above discussions, the following is proposed for the SSB time domain adaptation scenarios:
Proposal 1: For the adaptation mechanisms of SSB in time-domain, consider the following scenarios as a baseline:
· Case A: Adaptation of CD-SSB in idle/inactive mode UE
· FFS: Need for access restrictions to the PCell of legacy UE
· Case B-2: Adaptation of NCD-SSB for SCell in connected mode UE
Adaptation of SSB mechanism
In RAN#116, multiple mechanisms for SSB time domain adaptation were proposed, and it was agreed to further discuss these mechanisms.
· Adaptation of SSB burst periodicity
In this case, the default SSB burst is configured with a longer period and the gNB obtains NES gain by reducing SSB transmission. The gNB can notify the new SSB burst with a shorter period through dynamical signaling according to system load. Only the SSB burst period is changed and not the SSB burst itself (number of SSB indices, SSB position), thus remapping from SSB to RO is not required. However, the longer SSB burst periodicity may increase the time that the UE acquires the SSB.
· Adaptation based on skipping/transmitting some SSB bursts
The gNB obtains NES gain by skipping part of the transmitted SSB bursts. Skipping is indicated by the gNB via dynamic signaling. Compared to the case of adaption of SSB bursts periodicity, the time for the UE acquiring the SSB may be shorter because there is no need to set a longer periodicity as default SSB burst. However, legacy UE cannot recognize the skip signaling, the gNB may need to transmit SSB bursts for the legacy UE. Therefore, this case should be considered in conjunction with limiting the legacy UE's access to the serving cell.
· Adaptation of SSB position/number or new SSB position/pattern within a SSB burst
If the SSB burst itself (number of SSB indexes, location of SSBs) is dynamically adapted, remapping from SSB to RO may be required and it could impact the specification. Therefore, it is not suitable to apply this mechanism to cells that support initial access. However, for SCells in CA scenarios, there is no need to consider SSB to RO mapping, since the SCell do not support initial access. Therefore, it is beneficial to apply a new SSB burst pattern (including the SSB compact) to NCD-SSB in CA scenarios.
Based on the above, the following is proposed for the SSB time domain adaptation mechanisms:
Proposal 2: For the adaptation mechanisms of SSB in time-domain, consider the following as a baseline:
· Adaptation of SSB burst periodicity
· New SSB position/pattern for NCD-SSB in SCell in CA scenario
Adaptation trigger
In RAN#116, it was agreed to consider the following for triggering SSB adaptation in the time domain:
· Adaptation mechanism indicated or configured by the gNB without UE trigger
· Adaptation triggered by the UE (if any)
For idle/inactive mode UEs, SSB update is notified through paging/short messages in the current specification. On the other hand, for connected mode UEs, SSB update is notified through dedicated RRC signaling. However, it may increase signaling overhead. Therefore, we can consider group common signaling (e.g., group common signaling on cell DTX/DRX supported in Rel-18) which may reduce signaling overhead.
Proposal 3: For the adaptation mechanisms of SSB in time-domain, consider the following triggering mechanism as a baseline:
· For idle mode/Inactive mode UE: Short messages
· For connected mode UE: Group common signaling
2.2. Adaptation of PRACH in time-domain
Adaptation of PRACH mechanism
In RAN#116, it was agreed to consider an adaptation mechanism for PRAH in the time domain and the following mechanism is proposed:
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
In this mechanism, Rel-19 UE use both default PRACH resources configured in SIB1/RRC and additional PRACH resources dynamically indicated by gNB. Default PRACH resources are configured with a longer period and the gNB achieves NES by reducing PRACH monitoring. If the PRACH capacity corresponding to each SSB is insufficient, the gNB can notify the additional PRACH resources for Rel-19 UE through dynamical signaling. Then, Rel-19 UE can use the additional PRACH resources in addition to the default PRACH resources.
Observation 1: The gNB can obtain NES by configuring default PRACH resource with a longer period and configuring a new PRACH resource with a shorter period dynamically according to system load.
For additional PRACH resources, multiple adaptation methods have been proposed.
· Adaptation of PRACH resource periodicity/PRACH occasion
The PRACH time domain resources (periodicity, subframe, slot, OFDM symbol) are configured based on the PRACH configuration index included in SIB1/RRC messages. The adaptation of PRACH resources can be done by indicating a new PRACH configuration index or indicating changes to some parameters determined by the PRACH configuration index. The current specification supports a maximum of 256 PPRACH configurations which can support various patterns of time domain adaptation. Therefore, we can consider the reusing the PPRACH configurations as a starting point.
On the other hand, the adaptation of PRACH in time-domain may impact SSB to RO mapping. In the current specification, the number of RO mapped to the SSB is determined based on the RRC configuration and the mapping order is predefined. If additional RO for Rel-19 UE is configured, inconsistencies of SSB to RO mapping may occur with the legacy UE.
· Adaptation at PRACH configuration/association period/association pattern period level
In this case, the gNB can dynamically indicate whether the PRACH association period is enabled or disabled based on the PRACH association period/association period/association pattern period. The gNB can sleep for the period when its association period is indicated as disabled, thus the gNB can obtain NES. On the other hand, the adaptation of the PRACH association period may increase the random access latency.
Observation 2: For adaptation of PRACH resource periodicity/PRACH occasion, the current PRACH configurations may be able to support various patterns of time domain adaptation, while it may impact SSB to RO mapping.
Proposal 4: For adaptation of PRACH in time-domain, consider the following as a baseline:
· Adaptation of PRACH resource periodicity/PRACH occasion based on the current PRACH configurations
· FFS: Potential impact of time domain PRACH adaptation on SSB to RO mapping


Adaptation trigger
In the current specification, the PRACH configuration can only be updated via SIB1 updates, and it cannot be dynamically adapted the PRACH according to system load. Therefore, it would be beneficial to indicate adaptation of PRACH through physical layer signaling dynamically.
Proposal 5: For adaptation of PRACH in time-domain, consider triggering mechanism of physical layer as a baseline.
3. Summary and proposal
In summary, the followings were observed and proposed:
Proposal 1: For the adaptation mechanisms of SSB in time-domain, consider the following scenarios as a baseline:
· Case A: Adaptation of CD-SSB in idle/inactive mode UE
· FFS: Need for access restrictions to the PCell of legacy UE
· Case B-2: Adaptation of NCD-SSB for SCell in connected mode UE
Proposal 2: For the adaptation mechanisms of SSB in time-domain, consider the following as a baseline:
· Adaptation of SSB burst periodicity
· New SSB position/pattern for NCD-SSB in SCell in CA scenario
Proposal 3: For the adaptation mechanisms of SSB in time-domain, consider the following triggering mechanism as a baseline:
· For idle mode/Inactive mode UE: Short messages
· For connected mode UE: Group common signaling
Observation 1: The gNB can obtain NES by configuring default PRACH resource with a longer period and configuring a new PRACH resource with a shorter period dynamically according to system load.
Observation 2: For adaptation of PRACH resource periodicity/PRACH occasion, the current PRACH configurations may be able to support various patterns of time domain adaptation, while it may impact SSB to RO mapping.
Proposal 4: For adaptation of PRACH in time-domain, consider the following as a baseline:
· Adaptation of PRACH resource periodicity/PRACH occasion based on the current PRACH configurations
· FFS: Potential impact of time domain PRACH adaptation on SSB to RO mapping
Proposal 5: For adaptation of PRACH in time-domain, consider triggering mechanism of physical layer as a baseline.
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